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EXECUTIVE SUMMARY 

ES - 1 OVERVIEW 

As promulgated by Section 402 of the Clean Water Act (CWA), the U.S. Environmental 

Protection Agency (EPA) has delegated authority to the Oklahoma Department of 

Environmental Quality (DEQ) to partially oversee the National Pollutant Discharge 

Elimination System (NPDES) Program in the State of Oklahoma. Exceptions are agriculture 

(retained by State Department of Agriculture, Food, and Forestry), and the oil & gas industry 

(retained by the Oklahoma Corporation Commission) for which EPA has retained permitting 

authority. The NPDES Program in Oklahoma, in accordance with an agreement between 

DEQ and EPA, was implemented via the Oklahoma Pollutant Discharge Elimination System 

(OPDES) Act [Title 252, Chapter 606 (http://www.deq.state.ok.us/rules/606.pdf)]. 

This total maximum daily load (TMDL) report documents the data and assessment used to 

establish TMDLs for the pathogen indicator bacteria [Escherichia coli (E. coli), Enterococci] 

and turbidity for selected waterbodies in the Arkansas River watershed and the North 

Canadian River watershed in Oklahoma. Elevated levels of pathogen indicator bacteria in 

aquatic environments indicate that a waterbody is contaminated with human or animal feces 

and that a potential health risk exists for individuals exposed to the water. Elevated turbidity 

levels caused by excessive sediment loading and stream bank erosion impact aquatic 

communities.  

Data assessment and TMDL calculations were conducted in accordance with requirements of 

Section 303(d) of the CWA, Water Quality Planning and Management Regulations (40 CFR 

Part 130), EPA guidance, and DEQ guidance and procedures. DEQ is required to develop 

TMDLs for all impaired waterbodies which are on the 303(d) list. Then the draft TMDL goes 

to EPA for review before submitting it for public comment. After the public comment period, 

the TMDL was submitted to EPA for final approval. Once EPA approves the final TMDL, 

then the waterbody was moved to Category 4a of the Integrated Report, where it remains 

until it reaches compliance with Oklahomaôs water quality standards (WQS).  

The purpose of this TMDL study was to establish pollutant load allocations for indicator 

bacteria and turbidity in impaired waterbodies, which was the first step toward restoring 

water quality and protecting public health. TMDLs determine the pollutant loading a 

waterbody can assimilate without exceeding the WQS for that pollutant. TMDLs also 

establish the pollutant load allocation necessary to meet the WQS established for a 

waterbody based on the relationship between pollutant sources and in-stream water quality 

conditions. A TMDL consists of a wasteload allocation (WLA), load allocation (LA), and a 

margin of safety (MOS). The WLA is the fraction of the total pollutant load apportioned to 

point sources, and includes stormwater discharges regulated under NPDES as point sources. 

The LA is the fraction of the total pollutant load apportioned to nonpoint sources. MOS can 

be implicit and/or explicit. The implicit MOS is achieved by using conservative assumptions 

in the TMDL calculations. An explicit MOS is a percentage of the TMDL set aside to 

account for the lack of knowledge associated with natural process in aquatic systems, model 

assumptions, and data limitations.  

This report does not stipulate specific control actions (regulatory controls) or management 

measures (voluntary best management practices) necessary to reduce bacteria or turbidity 

within each watershed. Watershed-specific control actions and management measures will be 

identified, selected, and implemented under a separate process.  

http://water.epa.gov/polwaste/npdes/basics/State-Program-Status.cfm
http://water.epa.gov/polwaste/npdes/basics/State-Program-Status.cfm
http://water.epa.gov/polwaste/npdes/basics/State-Program-Status.cfm
http://cfpub.epa.gov/npdes/index.cfm
http://cfpub.epa.gov/npdes/index.cfm
http://www.deq.state.ok.us/rules/606.pdf
http://www.gpo.gov/fdsys/pkg/CFR-2011-title40-vol22/pdf/CFR-2011-title40-vol22-part130.pdf
http://www.gpo.gov/fdsys/pkg/CFR-2011-title40-vol22/pdf/CFR-2011-title40-vol22-part130.pdf
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ES - 2 PROBLEM IDENTIFICATION AND WATER QUALITY TARGET 

This TMDL report focused on waterbodies in the Arkansas River watershed and the North 

Canadian River watershed, identified in Table ES-1, that DEQ placed in Category 5 [303(d) 

list] of the Water Quality in Oklahoma, 2012 Integrated Report for nonsupport of primary 

body contact recreation (PBCR) or warm water aquatic community (WWAC) subcategory of 

the Fish and Wildlife Propagation beneficial uses.  

Elevated levels of bacteria or turbidity above the WQS necessitated the development of a 

TMDL. The TMDLs established in this report are a necessary step in the process to develop 

the pollutant loading controls needed to restore the PBCR or Fish & Wildlife Propagation 

beneficial uses designated for each waterbody.  

Table ES-2 summarizes water quality data collected during primary contact recreation 

season from the water quality monitoring (WQM) stations between 2001 and 2012 for each 

bacterial indicator. The data summary in Table ES-2 provides a general understanding of 

the amount of water quality data available and the severity of exceedances of the water 

quality criteria. This data collected during the primary contact recreation season includes the 

data used to support the decision to place specific waterbodies within the Study Area on the 

DEQ 2012 303(d) list (DEQ 2013). It also includes the new data collected after the cutoff 

date for the 2012 303(d) list.  

ES-2.1 Chapter 45 : Criteria for  Bacteria   

The definitions of PBCR and the bacterial WQSs for PBCR are summarized by the 

following excerpt from Title 785, Chapter 45-5-16 of the Oklahoma WQSs. 

(a).   Primary Body Contact Recreation involves direct body contact with the water 

where a possibility of ingestion exists. In these cases the water shall not 

contain chemical, physical or biological substances in concentrations that are 

irritating  to skin or sense organs or are toxic or cause illness upon ingestion 

by human beings. 

(b).   In waters designated for Primary Body Contact Recreation...limits...shall 

apply only during the recreation period of May 1 to September 30. The 

criteria for Secondary Body Contact Recreation will apply during the 

remainder of the year. 

(c).   Compliance with 785:45-5-16 shall be based upon meeting the requirements 

of one of the options specified in (1) or (2) of this subsection (c) for bacteria. 

Upon selection of one (1) group or test method, said method shall be used 

exclusively over the time period prescribed therefore. Provided, where 

concurrent data exist for multiple bacterial indicators on the same waterbody 

or waterbody segment, no criteria exceedances shall be allowed for any 

indicator group.  

(Chapter 45-5-16 continues on page ES-4) 

http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch45.pdf
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Table ES- 1 Excerpt from the 2012 Integrated Report ï Oklahoma 303(d) List of Impaired Waters (Category 5) 

Waterbody ID Waterbody Name 
Stream 
Miles 

TMDL 
Date 

Priority ENT E. coli 
Designated Use Primary 
Body Contact Recreation 

Turbidity 
Designated Use Warm 

Water Aquatic Life 

OK621200050010_10 Red Rock Creek 46.09 2023 4 X  N  N 

OK621210000030_10 Arkansas River 14.44 2023 4 X  N X N 

OK720500010010_00 North Canadian River 37.36 2020 3 X  N  F 

OK720500010070_00 Bent Creek 18.13 2023 4 X X N  F 

OK720500010140_10 Beaver River 11.5 2023 4 X  N  F 

OK720500010150_00 Persimmon Creek 13.45 2023 4 X X N  F 

OK720500010200_00 Indian Creek 17.03 2023 4 X X N  F 

ENT = Enterococci; N = Not attaining; X = Criterion exceeded  
Source:  2012 Integrated Report, DEQ 2013 

Table ES- 2 Summary of Indicator Bacterial Samples from Primary Body Contact Recreation Subcategory 
Season May 1 to September 30, 2001-2012 

Waterbody ID Waterbody Name Indicator 
Number of 
samples 

Geometric Mean 
Concentration (cfu/100 ml) 

Assessment Results 

OK621200050010_10 Red Rock Creek 
EC 10 622 2011 TMDL 

ENT 10 556 TMDL required 

OK621210000030_10 Arkansas River 

EC 7 151 Insufficient number of samples 

ENT 7 440 
Insufficient number of samples, but 

existing samples indicated ñnot attainedò. 

OK720500010010_00 North Canadian River 
EC 14 43  

ENT 14 52 TMDL required 

OK720500010070_00 Bent Creek 
EC 14 282 TMDL required 

ENT 10 426 TMDL required 

OK720500010140_10 Beaver River 
EC 14 26  

ENT 14 57 TMDL required 

OK720500010150_00 Persimmon Creek 
EC 15 302 TMDL required 

ENT 11 511 TMDL required 

OK720500010200_00 Indian Creek 
EC 10 220 TMDL required 

ENT 10 202 TMDL required 

E. coli (EC) water quality criterion = Geometric Mean of 126 counts/100 mL 

Enterococci (ENT) water quality criterion = Geometric Mean of 33 counts/100 mL 

TMDLs were developed for waterbodies highlighted in green
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(Text from 785:45-15-6 on page ES-2 continues below) 

(1) Escherichia coli (E. coli): The E. coli geometric mean criterion is 126/100 

ml. For swimming advisory and permitting purposes, E. coli shall not 

exceed a monthly geometric mean of 126/100 ml based upon a minimum of 

not less than five (5) samples collected over a period of not more than 

thirty (30) days. For swimming advisory and permitting purposes, no 

sample shall exceed a 75% one-sided confidence level of 235/100 ml in 

lakes and high use waterbodies and the 90% one-sided confidence level of 

406/100 ml in all other Primary Body Contact Recreation beneficial use 

areas. These values are based upon all samples collected over the 

recreation period. For purposes of sections 303(d) and 305(b) of the 

federal Clean Water Act as amended, beneficial use support status shall 

be assessed using only the geometric mean criterion of 126/100 milliliters 

compared to the geometric mean of all samples collected over the 

recreation period. 

(2) Enterococci: The Enterococci geometric mean criterion is 33/100 ml. For 

swimming advisory and permitting purposes, Enterococci shall not exceed 

a monthly geometric mean of 33/100 ml based upon a minimum of not less 

than five (5) samples collected over a period of not more than thirty (30) 

days. For swimming advisory and permitting purposes, no sample shall 

exceed a 75% one-sided confidence level of 61/100 ml in lakes and high 

use waterbodies and the 90% one-sided confidence level of 108/100 ml in 

all other Primary Body Contact Recreation beneficial use areas. These 

values are based upon all samples collected over the recreation period. 

For purposes of sections 303(d) and 305(b) of the federal Clean Water Act 

as amended, beneficial use support status shall be assessed using only the 

geometric mean criterion of 33/100 milliliters compared to the geometric 

mean of all samples collected over the recreation period. 

ES-2.2 Chapter 46 : Implementation of OWQS for PBCR  

To implement Oklahomaôs WQS for PBCR, OWRB promulgated Chapter 46, 

Implementation of Oklahomaôs Water Quality Standards (OWRB 2013a). The 

following excerpt from Chapter 46: 785:46-15-6, stipulates how water quality data 

was assessed to determine support of the PBCR use as well as how the water quality 

target for TMDLs was defined for each bacterial indicator.  

(a).   Scope.  

The provisions of this Section shall be used to determine whether the 

subcategory of Primary Body Contact of the beneficial use of Recreation 

designated in OAC 785:45 for a waterbody is supported during the recreation 

season from May 1 through September 30 each year. Where data exist for 

multiple bacterial indicators on the same waterbody or waterbody segment, 

the determination of use support shall be based upon the use and application 

of all applicable tests and data.  

http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch46.pdf
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(b).   Escherichia coli (E. coli).  

(1) The Primary Body Contact Recreation subcategory designated for a 

waterbody shall be deemed to be fully supported with respect to E. coli 

if the geometric mean of 126 colonies per 100 ml is met. These values 

are based upon all samples collected over the recreation period in 

accordance with OAC 785:46-15-3(c).  

(2) The Primary Body Contact Recreation subcategory designated for a 

waterbody shall be deemed to be not supported with respect to E. coli 

if the geometric mean of 126 colonies per 100 ml is not met. These 

values are based upon all samples collected over the recreation period 

in accordance with OAC 785:46-15-3(c).  

(c).   Enterococci.  

(1) The Primary Body Contact Recreation subcategory designated for a 

waterbody shall be deemed to be fully supported with respect to 

Enterococci if the geometric mean of 33 colonies per 100 ml is met. 

These values are based upon all samples collected over the recreation 

period in accordance with OAC 785:46-15-3(c).  

(2) The Primary Body Contact Recreation subcategory designated for a 

waterbody shall be deemed to be not supported with respect to 

Enterococci if the geometric mean of 33 colonies per 100 ml is not 

met. These values are based upon all samples collected over the 

recreation period in accordance with OAC 785:46-15-3(c).  

Where concurrent data exist for multiple bacterial indicators on the same waterbody, 

each indicator group must demonstrate compliance with the numeric criteria 

prescribed (OWRB 2013).  

As stipulated in the WQS, only the geometric mean of all samples collected over the 

recreation period shall be used to assess the impairment status of a stream. Therefore, 

only the geometric mean criteria were used to develop TMDLs for E. coli and 

Enterococci bacterial indicators. 

It is worth noting that the Oklahoma Water Quality Standards (OWQS) prior to July 

1, 2011 contains three bacterial indicators (fecal coliform, E. coli and Enterococci) 

and the new OWQS effective on July 1, 2011 contains only E. coli and Enterococci. 

Therefore, fecal coliform TMDLs were not be developed for any stream in this report. 

Bacterial TMDLs were developed only for E. coli and/or Enterococci impaired 

streams.  

ES-2.3 Chapter 45 : Criteria for Turbidity  

The beneficial use of WWAC is one of several subcategories of the Fish and Wildlife 

Propagation use established to manage the variety of communities of fish and 

shellfish throughout the state (OWRB 2013). The numeric criteria for turbidity to 
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maintain and protect the use of ñFish and Wildlife Propagationò from Title 785:45-5-

12 (f)(7) is as follows: 

(A) Turbidity from other than natural sources shall be restricted to not exceed the 

following numerical limits: 

i. Cool Water Aquatic Community/Trout Fisheries: 10 NTUs; 

ii.  Lakes: 25 NTU; and 

iii.  Other surface waters: 50 NTUs. 

(B)  In waters where background turbidity exceeds these values, turbidity from 

point sources will be restricted to not exceed ambient levels. 

(C)  Numerical criteria listed in (A) of this paragraph apply only to seasonal base 

flow conditions. 

(D)  Elevated turbidity levels may be expected during, and for several days after, a 

runoff event. 

ES-2.4 Chapter 46 : Implementation of OWQS for Fish and Wildlife 
Propagation  

Chapter 46, Implementation of Oklahomaôs Water Quality Standards (OWRB 2013a) 

describes Oklahomaôs WQS for Fish and Wildlife Propagation. The excerpt below 

from Chapter 46: 785:46-15-5, stipulates how water quality data was assessed to 

determine support of fish and wildlife propagation as well as how the water quality 

target for TMDLs was defined for turbidity.  

785:46-15-5 Assessment of Fish and Wildlife Propagation Support  

(a).   Scope. The provisions of this Section shall be used to determine whether 

the beneficial use of Fish and Wildlife Propagation or any subcategory 

thereof designated in OAC 785:45 for a waterbody is supported.  

(e).   Turbidity. The criteria for turbidity stated in 785:45-5-12(f)(7) shall 

constitute the screening levels for turbidity. The tests for use support shall 

follow the default protocol in 785:46-15-4(b). 

785:46-15-4. Default protocols 

(b).   Short term average numerical parameters. 

(1) Short term average numerical parameters are based upon exposure 

periods of less than seven days. Short term average parameters to 

which this Section applies include, but are not limited to, sample 

standards and turbidity. 
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(2) A beneficial use shall be deemed to be fully supported for a given 

parameter whose criterion is based upon a short term average if 10% 

or less of the samples for that parameter exceeds the applicable 

screening level prescribed in this Subchapter. 

(3) A beneficial use shall be deemed to be fully supported but threatened if 

the use is supported currently but the appropriate state environmental 

agency determines that available data indicate that during the next 

five years the use may become not supported due to anticipated 

sources or adverse trends of pollution not prevented or controlled. If 

data from the preceding two year period indicate a trend away from 

impairment, the appropriate agency shall remove the threatened 

status. 

(4) A beneficial use shall be deemed to be not supported for a given 

parameter whose criterion is based upon a short term average if at 

least 10% of the samples for that parameter exceed the applicable 

screening level prescribed in this Subchapter. 

Turbidity is a measure of water clarity and is caused by suspended particles in the 

water column. Because turbidity cannot be expressed as a mass load, total suspended 

solids (TSS) were used as a surrogate for the TMDLs in this report. Therefore, both 

turbidity and TSS data are presented.  

Table ES-3 summarizes a subset of water quality data collected for turbidity and 

TSS under base flow conditions, which DEQ considers to be all flows less than the 

25
th
 flow exceedance percentile (i.e., the lower 75% of flows). Water quality samples 

collected under flow conditions greater than the 25
th
 flow exceedance percentile 

(highest flows) were therefore excluded from the data set used for TMDL analysis.  

TMDLs for turbidity in streams designated as WWAC must take into account that no 

more than 10% of the samples may exceed the numeric criterion of turbidity, 50 

nephelometric turbidity units (NTU). However, as described above, because turbidity 

cannot be expressed as a mass load, TSS was used as a surrogate in this TMDL. Since 

there is no numeric criterion in the Oklahoma WQS for TSS, a regression method to 

convert the turbidity criterion to TSS based on a relationship between turbidity and 

TSS was used to establish TSS goals as surrogates.  

Table ES-4 provides the results of the waterbody specific regression analysis.  

Table ES-5 shows the bacterial and turbidity TMDLs that were developed in this 

report.  
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Table ES- 3 Summary of Turbidity Data Excluding High Flow Samples, 2001-2013 

Waterbody ID Waterbody Name WQM Stations 
Number of 

turbidity samples 

Number of 
samples 

greater than 
50 NTU 

% samples 
exceeding 
criterion 

Average 
Turbidity 

(NTU) 
Assessment Results 

OK621200050010_10 Red Rock Creek OK621200-05-0010M 11 3 27.3% 32 2011 TMDL 

OK621210000030_10 Arkansas River 621210000010-001AT 13 8 61.5% 241 TMDL Required 

OK720500010010_00 North Canadian River 720500010010-001AT 41 3 7.3% 24  

OK720500010070_00 Bent Creek OK720500-01-0070D 30 0 0 4  

OK720500010140_10 Beaver River 720500010140-001AT 43 1 2.3% 19  

OK720500010150_00 Persimmon Creek OK720500-01-0150G 29 3 10.3% 21 
Not listed, but criteria 

exceed the WQS 

OK720500010200_00 Indian Creek OK720500-01-0200D 20 0 0 13  

Table ES- 4 Regression Statistics and TSS Goals 

Waterbody ID Waterbody Name R-square NRMSE TSS Goal (mg/L)
a MOS

b
 

OK621210000030_10 Arkansas River 0.88 4.9% 92.4 5% 
OK720500010150_00 Persimmon Creek 0.93 5.4% 71.8 10% 

a
 Calculated using the regression equation and the turbidity standard (50 NTU) 

b
 Based on the goodness-of-fit of the turbidity-TSS regression (NRMSE) 

 

Table ES- 5 Stream and Pollutants for TMDL Development 

Waterbody ID HUC 8 Codes Waterbody Name Stream Miles TMDL Date Priority ENT E. coli Turbidity 

OK621200050010_10 11060006 Red Rock Creek 46.09 2023 4 X   

OK621210000030_10 11060001 Arkansas River 14.44 2023 4 X  X 

OK720500010010_00 11100301 
North Canadian 

River 
37.36 2020 3 X   

OK720500010070_00 11100301 Bent Creek 18.13 2023 4 X X  

OK720500010140_10 11100301 Beaver River 11.5 2023 4 X   

OK720500010150_00 11100301 Persimmon Creek 13.45 2023 4 X X X 

OK720500010200_00 11100301 Indian Creek 17.03 2023 4 X X  
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ES - 3 POLLUTANT SOURCE ASSESSMENT 

A pollutant source assessment characterizes known and suspected sources of pollutant 

loading to impaired waterbodies. Sources within a watershed are categorized and quantified 

to the extent that information is available. Bacteria originate from warm-blooded animals and 

sources may be point or nonpoint in nature. Turbidity may originate from OPDES-permitted 

facilities, fields, construction sites, quarries, stormwater runoff and eroding stream banks. 

Point sources are permitted through the OPDES program. OPDES-permitted facilities that 

discharge treated sanitary wastewater are required to monitor fecal coliform under the current 

permits and will be required to monitor E. coli when their permits come to renew. These 

facilities are also required to monitor TSS in accordance with their permits. There is each one 

active municipal and industrial facility. 

Nonpoint sources are diffuse sources that typically cannot be identified as entering a 

waterbody through a discrete conveyance at a single location. Nonpoint sources may emanate 

from land activities that contribute bacteria or TSS to surface water as a result of rainfall 

runoff. For the TMDLs in this report, all sources of pollutant loading not regulated by 

OPDES permits are considered nonpoint sources. Sediment loading of streams can originate 

from natural erosion processes, including the weathering of soil, rocks, and uncultivated 

land; geological abrasion; and other natural phenomena. There was insufficient data available 

to quantify contributions of TSS from these natural processes. TSS or sediment loading can 

also occur under non-runoff conditions as a result of anthropogenic activities in riparian 

corridors which cause erosive conditions. Given the lack of data to establish the background 

conditions for TSS/turbidity, separating background loading from nonpoint sources whether 

it was from natural or anthropogenic processes was not feasible in this TMDL development. 

Table ES-6 summarizes the point and nonpoint sources that contribute bacteria or TSS to 

each respective waterbody. 

ES - 4 USING LOAD DURATION CURVES TO DEVELOP TMDLS 

The TMDL calculations presented in this report were derived from load duration curves 

(LDC). LDCs facilitate rapid development of TMDLs, and as a TMDL development tool can 

provide some information for identifying whether impairments are associated with point or 

nonpoint sources. The efficiency and simplicity of the LDC method should not be considered 

as bad descriptors of this powerful tool for displaying the changing water quality over 

changing flows that provides information as to the sources of the pollutant that was not 

apparent in the raw data. The LDC has additional valuable uses in the post-TMDL 

implementation phase of the restoration of the water quality for a waterbody. Plotting future 

monitoring information on the LDC can show trends of improvement to sources that will 

identify areas for revision to the watershed restoration plan. The low cost of the LDC method 

allows accelerated development of TMDL plans on more waterbodies and the evaluation of 

the implementation of WLAs and BMPs. The technical approach for using LDCs for TMDL 

development includes the following steps: 

(Text continues on page ES-11) 
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Table ES- 6 Summary of Potential Pollutant Sources by Category 

Waterbody ID Waterbody Name 
Municipal 
OPDES 
Facility 

Industrial 
OPDES 
Facility 

MS4 
OPDES No 
Discharge 

Facility 
AFO Mines 

Construction 
Stormwater Permit 

Nonpoint 
Source 

OK621200050010_10 Red Rock Creek        Bacteria 

OK621210000030_10 Arkansas River        
Bacteria 

Turbidity 

OK720500010010_00 North Canadian River        Bacteria 

OK720500010070_00 Bent Creek        Bacteria 

OK720500010140_10 Beaver River        Bacteria 

OK720500010150_00 Persimmon Creek        
Bacteria 

Turbidity 

OK720500010200_00 Indian Creek        Bacteria 

Facility present in watershed and potential as contributing pollutant source  

Facility present in watershed, but not recognized as pollutant source  

No facility present in watershed  
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(Text continued from page ES-9) 

Prepare flow duration curves for gaged and ungaged WQM stations. 

Estimate existing loading in the waterbody using ambient bacterial water 

quality data. 

Estimate loading in the waterbody using measured TSS water quality data and 

turbidity-converted data. 

Use LDCs to identify the critical condition that will dictate loading reductions 

and the overall percent reduction goal (PRG) necessary to attain WQS. 

Use of the LDC obviates the need to determine a design storm or selected flow recurrence 

interval with which to characterize the appropriate flow level for the assessment of critical 

conditions. For waterbodies impacted by both point and nonpoint sources, the ñnonpoint 

source critical conditionò would typically occur during high flows, when rainfall runoff 

would contribute the bulk of the pollutant load, while the ñpoint source critical conditionò 

would typically occur during low flows, when wastewater treatment facilities (WWTF) 

effluents would dominate the base flow of the impaired water. However, flow range is only a 

general indicator of the relative proportion of point/nonpoint contributions. Violations have 

been noted under low flow conditions in some watersheds that contain no point sources. 

LDCs display the maximum allowable load over the complete range of flow conditions by a 

line using the calculation of flow multiplied by a water quality criterion. The TMDL can be 

expressed as a continuous function of flow, equal to the line, or as a discrete value derived 

from a specific flow condition.  

The following are the basic steps in developing an LDC: 

1. Obtain daily flow data for the site of interest from the U.S. Geological Survey 

(USGS), or if unavailable, projected from a nearby USGS site. 

2. Sort the flow data and calculate flow exceedance percentiles. 

3. Obtain the water quality data from the primary contact recreation season (May 1 

through September 30). 

4. For turbidity, obtain available turbidity and TSS water quality data.  

5. Match the water quality observations with the flow data from the same date. 

6. Display a curve on a plot that represents the allowable load determined by 

multiplying the actual or estimated flow by the WQS for each respective bacterial 

indicator. 

7. Display a curve on a plot that represents the allowable load determined by 

multiplying the actual or estimated flow by the WQgoal for TSS. 
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8. For bacterial TMDLs, display and differentiate another curve derived by plotting the 

geometric mean of all existing bacterial samples continuously along the full spectrum 

of flow exceedance percentiles which represents the observed load in the stream. 

9. For turbidity TMDLs, match the water quality observations with the flow data from 

the same date and determining the corresponding exceedance percentile. Plot the flow 

exceedance percentiles and daily load observations in a load duration plot (See 

Section 5).  

ES-4.1 Bacterial LDC  

For bacterial TMDLs the culmination of these steps is expressed in the following 

formula, which is displayed on the LDC as the TMDL curve: 

TMDL (cfu/day) = WQS * flow (cfs) * unit conversion factor 

Where:  

WQS = 126 cfu/100 mL (E. coli); or 33 cfu/100 mL (Enterococci) 

Unit conversion factor = 24,465,525  

ES-4.2 TSS LDC 

For turbidity (TSS) TMDLs the culmination of these steps is expressed in the 

following formula, which is displayed on the LDC as the TMDL curve: 

TMDL (lb/day) = WQ goal * flow (cfs) * unit conversion factor 

Where:  

WQ goal = waterbody specific TSS concentration derived from regression 

analysis results presented in Table 5-1 

Unit conversion factor = 5.39377 

ES-4.3 LDC Summary  

Historical observations of bacteria were plotted as a separate LDC based on the 

geometric mean of all samples. Historical observations of TSS and/or turbidity 

concentrations were paired with flow data and were plotted on the LDC for a stream. 

It is noted that the LDCs for bacteria were based on the geometric mean standards or 

geometric mean of all samples. It is inappropriate to compare single sample bacterial 

observations to a geometric mean water quality criterion in the LDC; therefore 

individual bacterial samples were not plotted on the LDCs.  

ES - 5   TMDL CALCULATIONS  

A TMDL is expressed as the sum of all WLAs (point source loads), LAs (nonpoint source 

loads), and an appropriate MOS, which attempts to account for the lack of knowledge 

concerning the relationship between pollutant loading and water quality. This definition can 

be expressed by the following equation: 

TMDL = WLA_WWTF + WLA_MS4 + LA + MOS 
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The WLA is the portion of the TMDL allocated to existing and future point sources. The LA 

is the portion of the TMDL allocated to nonpoint sources, including natural background 

sources. The MOS is intended to ensure that WQSs will be met. 

ES-5.1 Bacterial PRG  

For each waterbody, the TMDLs presented in this report were expressed as colony 

forming units (cfu) per day across the full range of flow conditions. For information 

purpose, percent reductions are also provided. The difference between existing 

loading and the water quality target was used to calculate the loading reductions 

required. For bacteria, the PRG is calculated by reducing all samples by the same 

percentage until the geometric mean of the reduced sample values meets the 

corresponding bacterial geometric mean standard (126 cfu/100 ml for E. coli and 33 

cfu/100 ml for Enterococci) with 10% of MOS. For turbidity, the PRG is the load 

reduction that ensures that no more than 10% of the samples under base-flow 

conditions exceed the TMDL. 

Table ES-7 presents the percent reductions necessary for each bacterial indicator 

that caused nonsupport of the PBCR use in each waterbody of the Study Area.  

Table ES- 7 Percent Reductions Required to Meet Water Quality Standards for 
Indicator Bacteria 

Waterbody ID Waterbody Name 
Required Reduction Rate 

EC ENT 

OK621200050010_10 Red Rock Creek - 94.7% 

OK621210000030_10 Arkansas River - 93.3% 

OK720500010010_00 North Canadian River - 42.5% 

OK720500010070_00 Bent Creek 59.8% 93.0% 

OK720500010140_10 Beaver River - 48.0% 

OK720500010150_00 Persimmon Creek 62.5% 94.2% 

OK720500010200_00 Indian Creek 48.5% 85.3% 

ES-5.2 TSS PRG 

Similarly, PRGs for TSS are calculated as the required overall reduction so that no more 

than 10% of the samples exceed the water quality target for TSS. The PRGs for the 

waterbodies requiring turbidity TMDLs in this report are summarized in Table ES-8. 

Table ES- 8 TMDL Percent Reductions Required to Meet Water Quality Targets 
for Total Suspended Solids 

Waterbody ID Waterbody Name Required Reduction Rate 

OK621210000030_10 Arkansas River 92.4% 

OK720500010150_00 Persimmon Creek 1.3% 
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ES-5.3 Seasonal Variation  

The TMDL, WLA, LA, and MOS vary with flow condition, and were calculated at 

every 5
th
 flow interval percentile. The WLA component of each TMDL is the sum of 

all WLAs within each contributing watershed. The LA was then calculated as 

follows: 

LA = TMDL ï MOS - ×WLA 

Federal regulations (40 CFR §130.7(c)(1)) require that TMDLs account for seasonal 

variation in watershed conditions and pollutant loading.  

The bacterial TMDLs established in this report adhere to the seasonal application of 

the Oklahoma WQS which limits the PBCR use to the period of May 1
st
 through 

September 30
th
. The TSS TMDLs established in this report adhere to the seasonal 

application of the Oklahoma WQS for turbidity, which applies to seasonal base flow 

conditions only. Seasonal variation was also accounted for in these TMDLs by using 

five years of water quality data and by using the longest period of USGS flow records 

when estimating flows to develop flow exceedance percentiles. 

ES-5.4 MOS 

Federal regulations (40 CFR §130.7(c)(1)) also require that TMDLs include an MOS. 

The MOS, which can be implicit or explicit, is a conservative measure incorporated 

into the TMDL equation that accounts for the lack of knowledge associated with 

calculating the allowable pollutant loading to ensure WQSs are attained.  

For bacterial TMDLs, an explicit MOS was set at 10%. For turbidity, the TMDLs are 

calculated for TSS instead of turbidity. Thus, the quality of the regression has a direct 

impact on confidence of the TMDL calculations. The better the regression is, the 

more confidence there is in the TMDL targets. As a result, it leads to a smaller MOS. 

The selection of MOS is based on the normalized root mean square error (NRMSE) 

for each waterbody (Table ES-4).  

The TMDL represents a continuum of desired load over all flow conditions, rather than fixed 

at a single value, because loading capacity varies as a function of the flow present in the 

stream. The higher the flow is, the more wasteload the stream can handle without violating 

water quality standards. Regardless of the magnitude of the WLA calculated in these 

TMDLs, future new discharges or increased load from existing discharges will be considered 

consistent with the TMDL provided the OPDES permit requires in-stream criteria to be met. 

ES - 6 REASONABLE ASSURANCE 

Reasonable assurance is required by the EPA rules for a TMDL to be approvable only when 

a waterbody is impaired by both point and nonpoint sources and where a point source is 

given a less stringent WLA based on an assumption that nonpoint source load reductions will 

occur. In such a case, ñreasonable assurancesò that nonpoint (NPS) load reductions will 

actually occur must be demonstrated. In this report, all point source discharges either already 

http://www.gpo.gov/fdsys/pkg/CFR-2011-title40-vol22/pdf/CFR-2011-title40-vol22-sec130-7.pdf
http://www.gpo.gov/fdsys/pkg/CFR-2011-title40-vol22/pdf/CFR-2011-title40-vol22-sec130-7.pdf
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have or were given based on this study discharge limitations less than or equal to the water 

quality standard numerical criteria. The TMDLs ensure that the impairments of the 

waterbodies in this report will not be caused by point sources. Since the point source WLAs 

in this TMDL report are not dependent on NPS load reduction, reasonable assurance does not 

apply.  

ES - 7 PUBLIC PARTICIPATION  

A public notice was sent to local newspapers, to stakeholders in the Study Area affected by 

these draft TMDLs, and to stakeholders who have requested copies of all TMDL public 

notices. The public notice, draft TMDL report, and draft 208 Factsheet were posted at the 

following DEQ website: www.deq.state.ok.us/wqdnew/index.htm. The public had 45 days 

(July 9, 2014 to August 25, 2014) to review the draft TMDL report and make written 

comments.  No comments were received and there were no requests for a public meeting. 

The Arkansas-North Canadian Bacterial and Turbidity TMDL Report was finalized and 

submitted to EPA for final approval. 

http://www.deq.state.ok.us/wqdnew/index.htm
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SECTION 1 INTRODUCTION 

1.1 TMDL PROGRAM BACKGROUND  

As promulgated by Section 402 of the Clean Water Act (CWA), the U.S. Environmental 

Protection Agency (EPA) has delegated authority to the Oklahoma Department of 

Environmental Quality (DEQ) to partially oversee the National Pollutant Discharge 

Elimination System (NPDES) Program in the State of Oklahoma. Exceptions are 

agriculture (retained by State Department of Agriculture, Food, and Forestry), and the oil 

& gas industry (retained by the Oklahoma Corporation Commission) for which EPA has 

retained permitting authority. The NPDES Program in Oklahoma, in accordance with an 

agreement between DEQ and EPA, was implemented via the Oklahoma Pollutant 

Discharge Elimination System (OPDES) Act [Title 252, Chapter 606 

(http://www.deq.state.ok.us/rules/606.pdf)]. 

Section 303(d) of the Clean Water Act (CWA) and U.S. Environmental Protection 

Agency (EPA) Water Quality Planning and Management Regulations [40 Code of 

Federal Regulations (CFR) Part 130] require states to develop total maximum daily loads 

(TMDL) for all waterbodies and pollutants identified by the Regional Administrator as 

suitable for TMDL calculation. Waterbodies and pollutants identified on the approved 

303(d) list as not meeting designated uses where technology-based controls are in place 

will be given a higher priority for development of TMDLs. TMDLs establish the 

allowable loadings of pollutants or other quantifiable parameters for a waterbody based 

on the relationship between pollution sources and in-stream water quality conditions, so 

states can implement water quality-based controls to reduce pollution from point and 

nonpoint sources and restore and maintain water quality (EPA 1991). 

This report documents the data and assessment used to establish TMDLs for the pathogen 

indicator bacteria [Escherichia coli (E. coli), Enterococci]
 1

 and turbidity for selected 

waterbodies in the Arkansas River watershed and the North Canadian River watershed in 

Oklahoma. Elevated levels of pathogen indicator bacteria in aquatic environments 

indicate that a waterbody is contaminated with human or animal feces and that a potential 

health risk exists for individuals exposed to the water. Elevated turbidity levels caused by 

excessive sediment loading and stream bank erosion impact aquatic biological 

communities.  

Data assessment and TMDL calculations are conducted in accordance with requirements 

of Section 303(d) of the CWA, Water Quality Planning and Management Regulations 

(40 CFR Part 130), EPA guidance, and Oklahoma Department of Environmental Quality 

(DEQ) guidance and procedures. DEQ is required to submit all TMDLs to EPA for 

review. Approved 303(d) listed waterbody-pollutant pairs or surrogates TMDLs will 

receive notification of the approval or disapproval action. Once the EPA approves a 

TMDL, then the waterbody may be moved to Category 4a of a stateôs Integrated Water 

Quality Monitoring and Assessment Report, where it remains until compliance with 

water quality standards (WQS) is achieved (EPA 2003).  

                                                 
1
  All future references to bacteria in this document imply these two fecal pathogen indicator bacterial groups unless 

specifically stated otherwise 

http://water.epa.gov/polwaste/npdes/basics/State-Program-Status.cfm
http://water.epa.gov/polwaste/npdes/basics/State-Program-Status.cfm
http://water.epa.gov/polwaste/npdes/basics/State-Program-Status.cfm
http://cfpub.epa.gov/npdes/index.cfm
http://cfpub.epa.gov/npdes/index.cfm
http://www.deq.state.ok.us/rules/606.pdf
http://www.gpo.gov/fdsys/search/pagedetails.action?browsePath=Title+40%2FChapter+I%2FSubchapter+D%2FPart+130&granuleId=CFR-2011-title40-vol22-part130&packageId=CFR-2011-title40-vol22&collapse=true&fromBrowse=true
http://www.gpo.gov/fdsys/search/pagedetails.action?browsePath=Title+40%2FChapter+I%2FSubchapter+D%2FPart+130&granuleId=CFR-2011-title40-vol22-part130&packageId=CFR-2011-title40-vol22&collapse=true&fromBrowse=true
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The purpose of this TMDL study was to establish pollutant load allocations for indicator 

bacteria and turbidity in impaired waterbodies, which is the first step toward restoring 

water quality and protecting public health. TMDLs determine the pollutant loading a 

waterbody can assimilate without exceeding the WQS for that pollutant. TMDLs also 

establish the pollutant load allocation necessary to meet the WQS established for a 

waterbody based on the relationship between pollutant sources and in-stream water 

quality conditions. A TMDL consists of a wasteload allocation (WLA), load allocation 

(LA), and a margin of safety (MOS). The WLA is the fraction of the total pollutant load 

apportioned to point sources, and includes stormwater discharges regulated under the 

National Pollutant Discharge Elimination System (NPDES). The LA is the fraction of the 

total pollutant load apportioned to nonpoint sources. MOS can be implicit and/or explicit. 

An implicit MOS is achieved by using conservative assumptions in the TMDL 

calculations. An explicit MOS is a percentage of the TMDL set aside to account for the 

lack of knowledge associated with natural process in aquatic systems, model 

assumptions, and data limitations. 

This report does not stipulate specific control actions (regulatory controls) or 

management measures (voluntary best management practices) necessary to reduce 

bacteria or turbidity within each watershed. Watershed-specific control actions and 

management measures will be identified, selected, and implemented under a separate 

process involving stakeholders who live and work in the watersheds, along with tribes, 

and local, state, and federal government agencies.  

This TMDL report focuses on waterbodies that DEQ placed in Category 5 [303(d) list] of 

the Water Quality in Oklahoma, 2012 Integrated Report (aka 2012 Integrated Report) for 

nonsupport of primary body contact recreation (PBCR) or Fish and Wildlife Propagation 

beneficial uses. The waterbodies considered for TMDL development in this report are 

listed in Table 1-1.                

Table 1-1  TMDL Waterbodies 

Waterbody Name Waterbody Identification Number (WBID) 

Red Rock Creek OK621200050010_10 

Arkansas River OK621210000030_10 

North Canadian River OK720500010010_00 

Bent Creek OK720500010070_00 

Beaver River OK720500010140_10 

Persimmon Creek OK720500010150_00 

Indian Creek OK720500010200_00 

Figure 1-1 shows these Oklahoma waterbodies and their contributing watersheds. These 

maps also display locations of the water quality monitoring (WQM) stations used as the 

basis for placement of these waterbodies on the Oklahoma 303(d) list. These waterbodies 

and their surrounding watersheds are hereinafter referred to as the Study Area. 
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Figure 1-1  Arkansas River and North Canadian River Watersheds Not Supporting Primary Body Contact 
Recreation or Fish and Wildlife Propagation Use 
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TMDLs are required to be developed whenever elevated levels of pathogen indicator 

bacteria or turbidity are above the WQS numeric criterion. The TMDLs established in 

this report are a necessary step in the process to develop the pollutant loading controls 

needed to restore the PBCR or Fish and Wildlife Propagation use designated for each 

waterbody. Table 1-2 provides a description of the locations of WQM stations on the 

303(d)-listed waterbodies.  

Table 1-2  Water Quality Monitoring Stations used for Assessment of Streams 

WQM Station Waterbody Name Station Location Waterbody ID 

OK621200-05-0010M Red Rock Creek Long.:-97.3183, Lat.: 36.4743 OK621200050010_10 

621210000010-001AT Arkansas River Long.: -96.9462, Lat.: 36.8832 OK621210000030_10 

720500010010-001AT North Canadian River Long.: -98.9205, Lat.: 36.1836 OK720500010010_00 

OK720500-01-0070D Bent Creek Long.: -99.0091, Lat.: 36.1920 OK720500010070_00 

720500010140-001AT Beaver River Long.:-99.2784, Lat.: 36.4369 OK720500010140_10 

OK720500-01-0150G Persimmon Creek Long.:-99.1737, Lat.: 36.2619 OK720500010150_00 

OK720500-01-0200D Indian Creek Long.:-99.2283, Lat.: 36.3659 OK720500010200_00 

1.2 WATERSHED DESCRIPTION 

1.2.1 General  

The Arkansas River watershed and the North Canadian River watershed are located in 

the northern section of Oklahoma, bordered on the north by the State of Kansas. The 

majority of the waterbodies addressed in this report are located in Dewey, Ellis, 

Garfield, Grant, Kay, Major, Noble, and Woodward counties. In addition, the 

Arkansas River flows through Cowley and Sumner counties, Kansas. These counties 

are part of the Central Great Plains and Flint Hills Level III ecoregions (Woods, A.J, 

Omerik, J.M., et al 2005). The Arkansas River watershed in the Study Area is located 

in the Anadarko Shelf, Nemaha Uplift, and Cherokee Platform geological province 

and the North Canadian River watershed in the Study Area is located in the Anadarko 

Basin and Anadarko Shelf geological province. Table 1-3, derived from the 2010 

U.S. Census, demonstrates that the counties in which these watersheds are located are 

mostly sparsely populated. Table 1-4 lists the towns and cities located in each 

watershed.  

About 32% of the Arkansas River (OK621210000030_10) watershed acreage is 

located in Kansas and the impaired portion of it starts from Kansas/Oklahoma state 

boarder and ends in Kay County, Oklahoma. Red Rock Creek 

(OK621200050010_10) is the tributary of the Arkansas River and run through 

Garfield and Noble Counties, Oklahoma. The impaired portion of the North Canadian 

River starts at Woodward County and ends in Dewey County, Oklahoma. The Beaver 

River is the upstream of the North Canadian River and the impaired portion of it is in 

Woodward County, Oklahoma. Bent Creek, Persimmon Creek and Indian Creek are 

the tributary of the North Canadian River and the impaired portion of them is located 

in Woodward County, Oklahoma. 
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Table 1-3  County Population and Density 

County Name 
Population 

(2010 Census) 
Population Density 
(per square mile) 

Oklahoma 

Dewey 4,810 5 

Ellis 4,151 3 

Garfield 60,580 57 

Grant 4,527 5 

Kay 46,562 49 

Major 7,527 8 

Noble 11,561 16 

Woodward 20,081 16 

Kansas 

Cowley 36,311 32 

Sumner 24,132 20 

Table 1-4  Major Municipalities by Watershed 

Waterbody Name Waterbody ID Municipalities 

Red Rock Creek OK621200050010_10 
Billings, Breckinridge, Ceres, Covington, Enid, 

Garber, Hunter, Lamont, Lucien, Perry, Tonkawa 

Arkansas River OK621210000030_10 Hardy, Kaw City, Kidare, Newkirk, Pecham, Uncas 

North Canadian River OK720500010010_00 Canton, Hucmac, Orion, Seiling, Taloga 

Bent Creek OK720500010070_00 Aledo, Lenora, , Seiling, Webb 

Beaver River OK720500010140_10 
Booker, Clear Lake, Gaylord, Gate, Knowles, 

Laverne, Logan, Mocane, Rosston 

Persimmon Creek OK720500010150_00 Camargo, Harmon, Mutual, Vici 

Indian Creek OK720500010200_00 Sharon, Woodward 

1.2.2 Climate  

Table 1-5 summarizes the average annual precipitation for each Oklahoma waterbody 

derived from a geospatial layer developed to display annual precipitation using data 

collected from Oklahoma weather stations between 1971 through 2000. Average 

annual precipitation values among the watersheds in this portion of Oklahoma range 

between 26 and 38 inches (Oklahoma Climatological Survey 2005). 

  



Arkansas-North Canadian Bacterial and Turbidity TMDLs                                                    Introduction  

FINAL 1-6 August 2014 

Table 1-5  Average Annual Precipitation by Watershed 

Waterbody Name Waterbody ID 
Average Annual 

Precipitation (inches) 

Red Rock Creek OK621200050010_10 35 

Arkansas River OK621210000030_10 38 

North Canadian River OK720500010010_00 29 

Bent Creek OK720500010070_00 27 

Beaver River OK720500010140_10 26 

Persimmon Creek OK720500010150_00 27 

Indian Creek OK720500010200_00 26 

1.2.3 Land Use  

Table 1-6 summarizes the percentages and acreages of the land use categories for the 

contributing watershed associated with each respective Oklahoma waterbody 

addressed in the Study Area. The land use/land cover data were derived from the U.S. 

Geological Survey (USGS) 2006 National Land Cover Dataset (USGS 2013). The 

percentages provided in Table 1-6 are rounded. The land use categories are displayed 

in Figure 1-3. The top two dominant land use categories in the order of dominance 

are grasslands/herbaceous and cultivated crops for all sub-watersheds except Red 

Rock Creek (OK621200050010_10).  The top two dominant land use categories for 

Red Rock Creek watershed are cultivated crops and grassland/herbaceous. The 

aggregated total of developed land ranges from approximately 3.4% of the land use in 

the Arkansas River (OK621210000030_10) watershed to 7.9% of the land use in the 

Beaver River (OK720500010140_10) watershed. The watersheds targeted for TMDL 

development in this Study Area range in size from 48,102 acres (Indian Creek, 

OK720500010200_00) to 168,961 acres (North Canadian River, 

OK720500010010_00). 

1.3 STREAM FLOW CONDITIONS 

Stream flow characteristics and data are key information when conducting water quality 

assessments such as TMDLs. The USGS operates flow gages throughout Oklahoma, 

from which long-term stream flow records can be obtained. Not all of the waterbodies in 

this Study Area have historical flow data available. At various WQM stations additional 

flow measurements are available which were collected at the same time bacteria, total 

suspended solids (TSS) and turbidity water quality samples were collected. Flow data 

from the surrounding USGS gage stations and the instantaneous flow measurement data 

taken with water quality samples have been used to estimate flows for ungaged streams. 

Flow conditions recorded during the time of water quality sampling for turbidity are 

included in Appendix A along with corresponding water chemistry data results. A 

summary of the method used to project flows for ungaged streams and flow exceedance 

percentiles from projected flow data are provided in Appendix B. 
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Figure 1-2 Land Use Map 

 




















































































































































































































































